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Abstract
In this study, the changes in the linear attenuation coefficient for beta radiation of irradiated ZrO2 thin film samples were 
determined using transmission method. The film samples irradiated by gamma radiation at 0.430Gy, 0.672Gy, 1.195Gy and 
2.690Gy. The utilization of Co-60 radioisotope with the activity level of 0.018021 Ci was preferred to control the absorbed dose. 
The changes in the linear attenuation coefficient for beta radiation were investigated to evaluate the variations of the irradiated 
samples. The linear attenuation coefficients were determined by using two different Sr-90 radioisotopes. Hence the details in 
characteristic properties were assessed with respect to two different activity levels respectively, 2558 μCi and 0.0513 μCi. There 
were the changes in linear attenuation coefficient of the samples with the rise of the absorbed dose.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of Istanbul University. 
Keywords: absorbed dose; beta transmission; shielding; thin film; zirconium oxide.
1. Introduction
Zirconium oxide (ZrO2) thin film is very promising candidate for future thin layers technology due to its 
advantageous properties like good mechanical, thermal, optical and electrical properties. Its crystal structure, 
microstructure, defects, phase transformations can affect these macroscopic properties intimately (Lakshmi et al.,
2011). ZrO2 thin film has a high refractive index, large optical band gap, high transparency in the visible and near 
infrared region, high dielectric constant and high corrosion resistance (Zhao et al., 2008; Padmamalini et al., 2014).
Because of its special physical properties; it can be used in many industrial applications such as fuel cells, solar 
energy converters, optical coatings, radiation shielding, photonic devices, etc. (Padmamalini et al., 2014).
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The radiation shielding properties of a material are stated with the term linear attenuation coefficients, as the 
probability of radiation interacting with a material per unit path length. The magnitude of linear attenuation 
coefficients can vary with the incident radiation energy, the atomic number and the density of the shielding materials 
(Akkurt et al., 2012). The linear attenuation coefficient of a material can be measured experimentally using the 
application of Lambert – Beer’s law with standard transmission method. In the literature, the linear attenuation 
coefficients have measured for elements, compounds and building materials, radiation shielding glasses, biological 
samples, solutions and low atomic number materials for different radiation sources (Singh et al., 2008).
In the literature, several studies are existing on the optical, chemical and mechanical properties of ZrO2 thin 
films. However, the changes in the linear attenuation coefficient for beta radiation of ZrO2 thin films with absorbed 
dose have not detailed sufficiently at the experimental studies.
2. Experiments
2.1. Irradiation of ZrO2 thin film samples by gamma radiation
The film samples absorbed the gamma radiation at four different dose levels such as 0.430Gy, 0.672Gy, 1.195Gy 
and 2.690Gy. The activity level at 0.018021Ci was enough to affect the characteristic properties of the ZrO2 film 
samples by using high energy gamma photons emitted from Co-60 radioisotope. The irradiation process was 
performed in air. After this process the thin film samples were kept in dark ambient.
2.2. Beta Transmission Measurements 
Beta particles interact with the electrons and the nuclei present in absorbing material due to the electromagnetic 
force penetrating in absorbing material. As beta particles make elastic scattering, they can lose their energies by 
transferring an amount of energy to electrons (ionization) or change their directions because of scattering with 
nuclei. Due to this energy loss processes, all the beta particles with same kinetic energy in material follow different 
paths. Therefore, an average range value can be obtained for a beta-particle penetrating through an absorbing 
material. Hence, the beta-ray intensity can be regarded as a function of distance travelled by beta particles in 
material (ùHQHWDO, 2014).
The Lambert – Beer rule can be explained for radiation beam passing through matter in Eq.1:
I = I0e-μx                                                                            (1)
Where I0 and I are the incident and transmitted intensities of beta radiation, x is the thickness of the target 
medium and μ represents the linear attenuation coefficient (Akkurt et al., 2012).
For this purpose the linear attenuation coefficients of the samples were measured using the spectrometer, contains 
a Canbera detector connected to Multi Channel Analyser (MCA). The communication of the system was performed 
using Ortec Multi Channel Analyser (MCA) Application software. A schematic view of the experimental system for 
beta radiation was constituted according to the Lambert – Beer law in Fig. 1.
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Fig. 1. Measurement settlement of samples for beta transmission method.
The experimental setup has involved in the detector with sample holder and counter Fig.1(a). The distance 
between the thin film sample and source was 23cm. Sr-90 radioisotopes with two different activity levels were used 
as beta sources such as 2558 μCi and 0.0513 μCi respectively. Background and dead-time corrections were included 
to obtain net beta counts. Fig.1(b) shows the utilized aluminium materials for shielding of beta rays during the 
experiments. The thicknesses of ZrO2 thin film samples were determined in the range ~ 80 nm by using a surface 
profilometer.
 
(a)  (b)
Fig. 2. (a) The experimental setup consisting of detector with sample holder; (b) The shielding of beta rays by using aluminium materials at 
the experimental setup.
3. Results and Discussion
Table 1 shows the linear attenuation coefficients for beta radiation of ZrO2 thin films which have 0.430Gy, 
0.672Gy, 1.195Gy and 2.690Gy. Two different Sr-90 radioisotopes were used as beta-ray sources at different 
activity levels in this study. The linear attenuation coefficients of the samples were calculated by considering two 
different beta radiation sources, such as A=2558 μCi and A=0.0513 μCi.
Table 1. The linear attenuation coefficients for beta radiation of the samples.
Absorbed Dose (Gy) Sr-90 (A = 2558 μCi) Sr-90 (A = 0.0513 μCi)
µ (cm-1 ) µ (cm-1 )
0
0.430
1447.758
1541.039
3608.960
9280.791
0.670 1706.940 11512.880
1.195 1650.226 9590.984
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2.690 1914.410 6429.681
The application of beta-ray transmission method was reported for the evaluation of the changes in density of the 
thin film with rise of the absorbed dose of the ZrO2 thin film in Fig. 3. The changes in attenuation coefficient have 
described the extent to which the intensity of the beta beams at the film samples. The attenuation curve versus 
absorbed dose is examined as linear attenuation coefficient for beta rays. The attenuation coefficient was reduced at 
high activity level as the beta beam passed through the ZrO2 thin film stringently. The low attenuation was 
determined at the thin film samples for the beta radiation source with high activity. The shielding of beta rays at the 
film samples was performed dominantly by using the beta source with low activity because of the high attenuation
of the film samples. The intensity of the energy beam increased until 0.672Gy and then decreased to 2.690Gy with 
the increase of the absorbed dose.
      
Fig. 3. The changes in linear attenuation coefficient for beta radiation at ZrO2 thin film irradiated by gamma radiation.
The variations in attenuation depended on the change in grain size as the result of the raise in the absorbed dose 
of the ZrO2 thin film according to Scanning Electron Microscope (SEM) images at Fig. 4(a) and (b).
(a) (b)
Fig..4. SEM images of the irradiated thin films at (a) 0.430 Gy and (b) 2.690 Gy
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4. Conclusions
The irradiation treatment by gamma radiation affected the surface morphology and transparency of the ZrO2 thin 
films. Hence, it was necessary to know the attenuation coefficient in the induced ZrO2 thin film as the attenuation of 
intensity of the thin film varied with the absorbed dose. It was determined that the linear attenuation coefficient for 
beta rays has increased linearly up to 0.672Gy and then decreased to 2.690Gy after the investigation of the beta 
transmittance by using both of two Sr-90 radioisotopes with different activity levels. Furthermore, the attenuation 
coefficient reduced at the radiation source with high activity level as the beta beam passed through the ZrO2 thin 
film intensely.
References
Lakshmi, J. S., John Berlin, I., Daniel, G. P., Thomas P. V., Joy K. (2011), Effect of calcination atmosphere on photoluminesence properties of 
nanocrystalline ZrO2 thin films prepared by sol-gel dip coating method. Physica B, 406, 3050–3055.
Zhao, S., Ma, F., Xu, K. W., Liang H. F. (2008), Optical properties and structural characterization of bias sputtered ZrO2 films. Journal of Alloys 
and Compounds, 453, 453–457.
Padmamalini, N., Ambujam, K. (2014), Optical and dielectric properties of ZrO2 – V2O5 nanocomposites by co – precipitation calcination 
method. Superlattices and Microstructures, 76, 376–384.
$NNXUW,$N\ÕOGÕUÕP+.DULSoLQ)0DYL%&KHPLFDOFRUURVLRQRQJDPPD– ray attenuation properties of barite concrete. Journal of 
Saudi Chemical Society, 16, 199–202.
Singh, S., Kumar, A., Thind, K. S., Mudahar, G. S. (2008), Measurements of linear attenuation coefficients of irregular shaped samples byy two 
media method. Nuclear Instruments and Methods in Physics Research B, 266 ,1116–1121.
ùHQ0dDOÕN$((UWLN+'HWHUPLQDWLRQRIKDOI– value thickness of aluminium foils for different beta sources by using fractional 
calculus. Nuclear Instruments and Methods in Physics Research B, 335, 78–84.
